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sulfur.  These  are  probably  seeonaary  reaction  proiuots 
and  are  not  of  nuoh  raluo  as  structural  evidence . 

Kondakoff  and  Saprlkln  (4b)  proposed  structure  I for 

of  Initial  formation  of  terplneol  esters  which  attack 
d>plnene  molecule  to  give  the  dimer. 


Dulou  (5)  studied  the  ohemloal  properties  and  the 
Banan  spectrum  of  the  dimeric  fraction  from  the  treatment 
of  d-plnene  with  sulfuric  acid.  Ho  recognized  it  as  a 
mixture  of  mono  and  diolefins.  He  proposed  the  struotures 
II  and  III. 

II  III 

His  bromlnatlon  and  iodinatlon  experiments  indloated  more 
than  one  but  less  than  two  double  bonds.  However  the 
molecular  refraction  was  found  87.75  (caloulated  for  two 
double  bonds  87.07).  This  exaltation  of  moleoular  refrac- 
tion could  be  explained  by  eonlugatlon  of  the 
but  this  is  not  possible  in  the  structuree  he 


double  bonds 


Boberts  and  Da;  (8)  have  proposed  that  dimerization 
of  c-plnene  InvolTss  a hydrogen  transfer  and  that  the 
dimer  is  formed  without  Isomerisation!  IV  Is  proposed  as 
one  of  the  possible  structures.  This  structure  Is  not 

IV 

Structures  I > IV  do  not  explain  the  fact  that  the 
dimeric  mixtures  formed  in  all  those  eases  are  optically 
InaotlTe.  The  study  of  acid  rearrangement  reactions  of 
a-plnene  Indicates  that  the  cyclobutane  ring  opens  very 
easily  to  form  monocyclic  or  fire  member  ring  blcyclle 
terpenes.  So,  It  is  very  hard  to  believe  that  the  dimers, 
which  originate  from  the  same  carbonlum  Ions  as  the  laomei 
contain  eyclobutane  rings. 

structure  Is  rather  Improbable  considering  the  small 
amount  of  oromatlzatlon  of  dimers  with  S or  Pd/C.  The 
compound  V would  give  aromatic  compounds  very  easily. 


Busk 


the  first 


isols 


er  and  Bathor  (10]  vsre 
a pure  diner  and  studied  its  strusture  systenatioally. 
The  diner  studied  was  one  of  the  nain  dlmerio  oomponenSe 
of  the  reaction  of  o-pinene  with  phosphoric  acid.  The 
proposed  structure  (VI)  is  consistent  with  most  of  the 
spectral  data. 


The  oonpound  resisted  hydrosenatlon  indicating  that 
the  double  bonds  are  highly  hindered.  The  neehanlsn  pro- 
posed for  the  formation  of  VI  involves  an  intermediate 
terpenyl  cation  which  attacks  another  a-plnene  molecule 
to  form  a terpenylterpenyl  oatlon.  The  last  Ion,  by 
oycllzatlon  and  loss  of  a proton,  gives  VI.  Kolecular 
models  indicate  that  VI  is  a strain  free  molecule. 


It  is  obvious  that  the  acid  catalyzed  dimerization 
of  o-plnene  involves  carbonlum  Ion  intermediates  whioh 
attack  another  o-pinene  molecule  to  give  CgQ  carbonlum 
ion  IntormedUtes.  The  Cjq  carbonlum  ions  rearrange  and 
finally  lose  a proton  to  give  C20H32  dlterpenes . 


VI 


VIII 


X 


of  VII 


VIII 


oonsiilere 


XI 

Slallarly.  the  Initial  earbonluio  Ion  derived,  by 
protonation  of  n-plnene  can  be  fontidated  as  XII.  This 
type  of  non  elassloal  bridged  oarbonlum  Ion  has  been  pro- 
posed In  many  other  oases  (13).  Le  Ny  (13  a)  found  that 
aoetolysls  of  cyolohept-0-enylnethyl  brosylate  Involves 
the  Intermediate  bridged  cation  XIII. 


XII 


XIII 


XXI  and  XIII 


&s  composites  of  the  following  resons.noe  fomsi 


i-> 

XIII  a XIII  h XIII  Q 

blcyollo  ooapound.  This  Is  because  the  charge  In  XIII  o 
Is  on  a prlaary  carbon  atom.  On  the  other  band  XII  c Is 
energatloally  favored  as  having  the  charge  on  a tertiary 


Unfortunately  there  are  no  experimental  date  for 


the  lioyollo  and  Bonoeyclle  Ions  would  be  squally  favored 
slve  factor  for  their  relative  stability  would  be  the 


of  predoBlnatlsg  produces.  It  uould  very  Interesting 
to  heve  the  experloentel  results  of  e systeiutle  study 
in  this  field.  Wystrach,  Barnua  and  Gsrher  (14]  proposed 


the  3-posltlon,  a second  hydrogen  atom  Is  ellnlnsted  from 
th.  1-poaltlon.  Interaction  of  the  catalytic  surface  with 
Q-pinene  from  the  more  hindered  side  ulll  give  llmonene 
as  a product.  It  oust  be  noticed  here  that  vapor  phase 
Isomerisation  of  s-plnene  on  olaye  yields  dlpentane  as  the 


1 j or  product . Eo« 


(15: 


doiolnst« 
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The  second  slssa  of  catalytic  conditions  would  permit 
charge  in  the  ion  would  be  the  dominating  energy  factor. 


ondar-  blcycllc  ions. 

The  aboT.  rationalisation  is  of  course  purely 
speculative  and  «e  need  a lot  of  experimental  evidence 
before  arriving  at  final  conclusions. 


The  main  objectives  of  the  present  work  were  the 
following: 

c.  Study  the  reaction  of  a-plaene  with  boron  tri- 
fluoride  and  find  the  best  experimental  conditions  for 


Find  catalytic 


dimeric  mixtures  with  as  few  components  as  possible,  and 
isolate  the  main  components. 

c.  Derive  the  structure(s)  of  the  main  dlmerlo 
oonponents  by  studying  their  physical  and  cheoloal 


formed  by  ac 


DIHEHIZATIOH 


OP  a-PXSa'E  VIIE  B?2 
DlseuBslon 

To  our  ImoHleas*.  there  la  no  systenatlo  atxidy  of 
tho  dlnerltation  of  a-plnene  with  boron  trlflnorlie. 

Boron  trlfluorlda  etherate  reaets  with  a-pinene  in 
ether  aolutloas  to  give  oaaphane  (32).  In  protonle  sol- 
vents llhe  aloohols  and  phenols  the  reaotlon  products  are 
mainly  llmonene  end  terplneol  ethers  and  esters  (30).  The 

«e  have  preferred  boron  trlfluorlde  to  other  Lewis 
sold  catalysts  because  It  Is  easier  to  handle  and  can  be 
easily  removed  or  reoovared  from  the  reaction  Blzture 

dltlons.  selectivity  In  o-plnene  rearrangeoent  reactions. 
This  led  us  to  believe  that  It  could  give  simpler  reaction 


or  uodlfy  the  reactivity  of  BPj  by  using  It  In  the  form 
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of  coordination  compounds.  He  hate  deslded  to  folloM  this 
aeeoEd  epproaoK  . 

The  catalrtio  activity  of  BPj  «hen  used  In  the  form 
of  coordination  compounds  can  he  resulated  hy  the  equlllb- 


where  (Baae)^  Is  the  haae  with  which  BF^  Is  coordinated 
and  [Base)^  another  reacting  species. 

The  stronger  the  base  or  the  larger  Its  concentration, 
the  more  the  equilibrium  Is  driven  to  the  left  and  the 
milder  the  action  of  BFj. 

Ha  s'carted  using  boron  trlfluorlde  etherate  as  cata- 


lyst. The  results  were  about  the  same  as  In  the  case  of 
B?2  gas.  Large  excess  of  ether  did  not  help  because  the 


which  gives  a stronger  coordination  compound  due  to  re- 
duced sterle  Interaotlone  (36).  This  eatalyat  gave  milder 


Since  it  has  been  found  that  ^ Lewis  catalyst 

whleh  are  currently  under  study  (35). 


Isoasrs.  Wa  turned  ;o  nitrogen  tases  auoh  as  pyridine  and 
trletbylamlne . to  find  that  the  coordination  complexes  vere 
so  strong  that  they  did  not  react  at  all  Kith  o-plnene. 

The  last  group  of  bases  tested  was  a series  of 
chlorophosphlnes . These  phosphines  are  written  below  In 
order  of  Increasing  basicity: 

PCl^  < PCljPh  < PClPhj  < PPhj. 

Phosphorous  trichloride  Is  such  a weak  base  that  It 
Is  very  Improbable  that  It  can  form  any  coordination  com- 
pound with  BPj  under  the  reaction  conditions.  It  did  not 
displace  ethyl  ether  fron  BPj-StjO.  The  coordination  com- 
pounds with  the  last  two  bases  reacted  extremely  slowly 
yielding  only  a small  amount  of  polymeric  material. 

Dlohlorophar.ylphosplne  gsTo  a complex  which  reacted 
mildly  to  glTo  much  simpler  monomeric  and  dimeric  mixtures. 

gave  a complex  mixture  having  a v.p.c.  pattern  similar 

SP3-Et,0. 

Catalytic  action  of  BFj 

One  very  Important  factor  Involved  In  Lewis  add 
catalysis  Is  the  effect  of  small  amounts  of  other  oom- 
pounds  on  the  catalytic  action  of  Lewis  acids  C37). 
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It  has  been  deaonstrated  br  Evans,  Pslan;!  and  co 

of  vater  or  other  proton-releasing  substanoes.  It  «as 
noted  that  by  mixing  ulth  Isobutene  there  Mas  no  sole 


Similar  results  were  reported  by  Clark  (39)  for  the 


follo-wlng  ways 


BP3 


HjO 


H*  + 

The  termination  reaction  will  bei 

Ue  have  noticed  that  by  the  addition  of  BF3  to  a-plnene 
or  solutions  of  a-plnene  Ir.  polar  solvents  a bright  red 
precipitate  Is  formed.  This  Is  typical  of  the  carbonlum 
Ion  pairs  formed  whenever  Lewis  catalysts  are  Involved  (34). 
Similar  Intensively  colored  preolpltates  are  formed  when 
a-plaene  Is  treated  with  AlClj  or  TlClj,  (35)-  No  Intense 
color  or  precipitate  Is  observed  with  mineral  acid 
catalysts. 
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or  B?j-ESgOi  The  coorSlnatlon  oojqjouhda  were  formed  b? 
miring  eiuimoleouler  amounts  of  BPj-EtjO  and  the  eorre- 
spondlng  base. 

The  composition  of  the  dimeric  mixture  formed  from 
the  reaction  of  a-plnene  Kith  the  tetrahydrofuran  complex, 
depended  on  the  reaction  conditions.  Under  the  oonditiona 
described  In  the  aiperlmentel  part,  the  mixture  contained 
five  sain  components.  The  yield  of  Isomer  XVIXa  was  better 
then  in  any  other  previous  method  of  dlmerisatlom  {Figure 

In  another  experiment  it  was  attempted  to  study  the 
variation  of  the  composition  of  the  menomerlo  and  dimeric 
reaction  mixture  as  a funotion  of  time  (Figures  3 and  b). 
One  conclusion  from  this  experiment  Is  that  dimer  XVIIa 
is  probably  not  a direct  reaction  product  but  Is  formed 

under  the  reaction  conditions.  Another  oonoluslon  Is  that 
p-cymene,  which  is  among  the  main  monomeric  by-products, 
is  formed  through  Y-terplnene,  probably  by  air  oxidation. 

The  reaction  of  SPj  complexes  with  amines  end  trl- 
matcrlal.  The  complex  with  dlphenylehlorophosphlne  gave 


polymeric 
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•PhPCl, 


15-5 


produced  a dlaarlo  mixture  with  two  mein  components  (Figure 
5).  The  reaotion  ms  olid  and  relatlrel?  slow.  The  yields 
were  low  and  not  eery  reproducible  but  In  general  they 
depended  upon  the  amount  of  the  eomplez  added.  Prolonged 
reaotion  times  did  not  Improre  the  yields. 

The  temperature  was  always  kept  below  25°  O.i  other- 
wise the  reaotion  beoame  fast  and  the  products  ressmblsd 
thoss  formed  from  the  reaction  of  BF^  and  a-plnene.  The 
reaction  was  oerried  out  in  ezoess  a-plnans  or  in  benzene 
with  the  same  results. 

The  two  main  dimers  (xVIIIa  and  XVXIIb]  were  separated 
by  preparative  gas  ohromatogrsphy . We  sttsmpted  to  sepa- 
rate them  with  liquid  partition  chromatography  on  a silica 
gel  column  but  without  success,  mainly  because  they  Iso- 
merized  on  the  oolumn.  Such  isomerization  was  not  observed 
whan  dimers  from  BF^  catalyzed  dimerization  were  passed 
through  a silioa  gal  oolumn. 

It  is  interesting  to  notice  that  the  dimers  XVIIIa 
and  XVIIIb,  unlike  the  dimers  formad  by  all  other  methods, 
possess  optical  activity. 


The  retention  times  of  XVIIIa  end  XVIIIb  in  v.p.o. 


fall 


30 
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initiation.  Inoidentallr.  XVIIa  and  XVIIIb  have  the  saBS 
ratantlon  times.  However,  the7  have  different  spectral 
propert las. 

When  XVIIIa  and  XVIIIb  were  treated  with  BPj-EtjO 
they  gave  a nlxtura  of  dimers  having  a v.p.o.  pattern 
very  alnllar  to  that  of  the  dimeric  mixture  formed  by 
dimerization  of  a-plnene  with  B?^  (Figure  6).  It  la 
reasonable  to  assume  that  the  dimers  XVIIIa  and  XVIIIb 

a>plnene  with  gas  or  BF^-EtjO. 


Cas  ohromatographlo  analyses  were  performed  with  F 
and  H 70D  or  Aerograph  Ry*Fl>600.  both  with  flame  deteo- 
tors.  The  following  columns  were  usedi  FFAF  ZOf,  Ib'/i'. 
2oVj".  and  loV  1/8*!  BE  30  lOi,  s'/  J/6i  Aplezon  L Idjt 
lo'/i":  Carbowax  20M  10?:.  IsVV'i  Vereamld  900,  15 Vi*. 

The  solid  support  In  ell  cases  was  Chromosorb  W 30/60. 
Preparative  gas  chromatography  was  performed  with  an  Auto- 
prep  A-700  with  thermal  oonduotlvlty  detector.  The  beat 
preparative  column  was  found  to  be  FFAF  30^  on  Chromosorb 

w.  1?'/  3/8". 


The  author  wishes  to  thank  Dr.  Mary  Guy.  Mrs.  Lea 
Stassinopoulos,  Dr.  Kike  Fallgattar.  Hr.  D.  D.  Davis, 

of  the  experimental  data. 
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Kualear  magnetlo  resonanae  speatra  veia  dePeralnei 
ulth  a Varlan  DP-60  High  Ha30lutlon  Nuelear  HaEnetlo 
Resonanae  speotrooetar.  In  carbon  tetrachloride  solutions 
or  neat,  vlth  tetraaeth7lsllaoe  as  internal  standard. 

Infrared  spectra  were  obtained  with  a Perkln-^mer 
Infraeord  spectrephotoaeter  or  Beckman  IS  10  apectrophoto- 


UltraTlolet  spectra  were  recorded  with  a Rausch  and 
Lomb  Speotronlo  J05  apeotrophotometer  In  hexane  or  ethanol 

Optical  rotations  were  measured  with  a Sudolph  polarl- 

Molecular  weights  were  obtained  either  b;  mass  speotriw 

-flight,  Hodel  14-107.  mass  speotrometer. 

Elemental  analyses  were  performed  by  Galbraith  labora- 
tories. Knoxville.  Tennessee. 

Fractional  distillations  were  carried  out  with  a 
Nester-Fauat  spinning  band  column  (28  theoretical  plates]. 

Materials 

Alpha-pinene  and  all  other  terpenes  were  donated  by 
Glidden  Company  (daoksonville.  Florida];  a-pinene  (b.p. 

155®-  (+]-0-plnene  ( [cj  |° 

♦47.3°];  (-)-c-plnene  ([a]  |°-48.0°). 


freshly  distilled. 


BoTOD  trifluerlde  etherate  was, 

Eastman  Kodak,  pure  glade,  Phenflphosphlnss  were  donated 
t?  Victor  Chemieal  works  and  trlslkflphosphlnes  b;  Carlisle 

Motal  Brdrides,  Ino.  Dlglyne  (Ansul)  was  distilled  over 
sodium.  Allies  and  alkanes  were  obtained  from  Peninsular 
CheoBesearon,  Ino,  and  Columbia  Organic  Chemicals  Co,,  Ino„ 
and  were  used  without  further  purifioatloni  E-methplbutene-Z 
was  obtained  from  Phillips  Petroleum  Companp.  The  D.  S. 

0.  A.  Naval  Stores  Laboratories  supplied  us  with  a eerlee 

chromatographlo  analysis. 

Dimerization  with  BP^  and  BP-'St.O 

slowly  to  i»5°  and  then  very  fast  to  160®.  After  stirring 
for  l.S  hours  the  mixture  was  washed  with  dilute  ammonia 
and  water  and  dried  over  5 g.  HgSO^. 

In  another  run,  BPj-EtjO,  1.3  ml.,  was  added  to 
d'plnene.  36  g.,  preooolsd  to  -30°  0.  with  dry  lee.  A 
bright  orange  solid  precipitated  out.  At  about  -10®  C. 
the  solid  Qhanged  to  a brown  syrup.  There  was  so  apparent 

point  the  reaction  became  vlgoroue  as  above. 


iddltlon)i  To  1 Dl. 


yt 


136  g.  of  a-plnane  were  added  with  stirring  and  eoollng 
In  an  Ice  hath.  The  temperature  was  maintained  at  35-70° 
during  the  addition.  After  stirring  for  one  hour,  the 


Method  C:  To  S16  g.  of  c-plnene,  cooled  In  an  loe 

hath,  gaseous  BFj  was  passed  for  one  hour  with  rigorous 
stirring.  A brown  sjrup  precipitated  out  hut  the  roaotlon 
was  very  slow  until  the  lee  bath  was  ramored. 

Method  Dl  To  6h0  ml.  of  a-plnene,  gaseous  BP^  was 
passed  for  0.5  hour  with  stirring.  Stirring  was  continued 
for  another  half  hour  and  the  roaotlon  mixture  was  treated 
as  before. 


Method  El  To  250  ml.  of  a-plnene  In  250  ml,  benzene 
were  added  13  ml.  BP^-Bt^O.  The  mixture  was  stirred  at 


a.  To.  30  ml.  tetrahydrofuran  and  20  ml.  BPj'EtgO, 
cooled  In  loe-water,  ware  added  100  ml.  o-plnene.  After 
stirring  for  2 hours  at  0®  0.,  and  for  10  hours  without 
eoollng.  the  mixture  was  worked  up  as  above. 

added  at  once  25  ml.  BPj-Bt20  In  hO  ml.  tetrahydrofuran. 
Samples  were  taken  every  hour  and  were  quenched  by  shaking 


<lth  20; 


fron  3r4  to  5th 


from  the  0th  to  2nd  hour,  18®  C. 

20°  C.  froa  6th  to  2i*th  hour,  and  60°  C.  froa  25th  to 
29th  hour. 

Cas  ohroaatographlo  analysis 

The  -volatile  fraotlona  were  enal7zed  b7  a Carhouaz 
20M  coluan,  teap.  103°  C..  flew  90  al./aln.  The  dlmerlo 
fraotions  were  anal7Zed  67  Carhowax  20H,  Veraaald  9OO  and 
FFA?  eoluims.  at  180-220°  C.  with  flow  rates  of  90-120 

The  aolecular  weight  of  the  dlaerlo  mixtures  was 
deteralned  by  mass  speetrosoopy  and  with  a vapor  pressure 
osmometer  and  was  found  to  be  272,  corresponding  to 
The  optical  rotation  (found  [d]  0)  was  measured  in 

oarbon  tetrachloride  solution. 

Dimerization  with  BP.'PhPCl. 

The  reagent  was  formed  by  mixing  equlaoleouler  quan- 
tities of  PhPClg  and  BPj'EtgO.  TO  100  ml.  a-plnene  (b.p. 
153°.  -M9.0°).  kept  at  10-20°  C.  was  added,  slowly 

and  with  good  stirring.  0.06  mole  (19  g.)  SFj‘PhPCl2.  The 
two  phase  system  was  stirred  for  three  hours  at  20°  C. 

T.-.e  reaction  mixture  was  poured  Into  a flask  containing 
crushed  lee  and  was  shaken  for  0.5  hour.  To  the  mixture 
was  added  more  Ice  and  10  ml.  30j(  ammonia,  end  the  shaking 

separated  and  washed  with  2 X 10  ml.  10;(  NR^,  2 X 10  ml. 
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lOje  HjOg,  2 X 10  ml.  10^  RCl.  and  2 X 10  al.  saturated 
sodium  oJaortda  solution,  and  dried  over  SgSOj^.  It  Mas 
distilled  through  a short  ooluim  to  give  22  grams  of  a 
Bonoaerlo  frastlon,  22  grass  of  dlnerlo  materUl  and  7 


esldue. 


XVlIIat 

XVIIIb! 


ireparatlve  gas  chromatograph;.  (FfAP  30f 
is  gas  150  ml. /min.,  temp,  220  C.) 

[a]  -22.9®  (12*  in  CCl^).  n^g  « I.5O67 

[a]  “5  v8.7  (lO.t*  in  C01„),  n°2  - 1.5105 


272  and  no  peeks  above  272. 

Elemental  anal;slsi 

Calculated  for  CggHjgi  C.  88.11  H.  11.90 

Pound  for  XVIIIei  C.  88.20  H.  11.70 

Pound  for  XVIIIb:  0.  88.26  H.  11.85 

The  dimeric  mixture  (II  63A)  was  fraotionated  vlth 
a spinning  band  oolunn  Into  four  fractions.  The  first 
fraction  (11  64A)  contained  about  75  per  cent  XVIIIa  and 
the  third  fraction  (II  64C)  contained  about  75  per  cent 
XVIIIb.  These  enriched  fraotlons  as  well  as  the  original 
dimeric  mixture  vere  used  for  hydrogenation,  dehydrogena- 
tion and  ozonolysls  experiments. 
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Hydrogenation  of  dimers 

Various  dlaerle  fractions  vara  hydrogenated  In  EtOH 
or  AcOH  with  5%  palladium  on  charcoal  at  atnospherlo  pras- 

ducible  varying  from  l.Z  to  1.6  equivalents  of  hydrogen. 

In  Table  H are  given  the  refractive  Indices  of  a number 
of  dimeric  fraotlona  before  and  after  hydrogenation 

The  hydrogenated  products  did  not  absorb  at  above 
320  In  Che  UV  region  end  there  was  no  oleflnio  abeorp- 


of  Plnars  Before  end  After  Hydrogenati 


“5'' 

ion  After  Hydroge 


Elmarlc  mixture 
(Fig.  5) 

II  64a  (75*  XVIIIa) 
II  64c  (75*  XVIIlb) 
3,3  -dipinanea 


1.511s 

1.5110 

1.5127 

1.4950-1.5030 


1.5004 

1.4970 

1.4978 


of  5* 


ring!  second. 


dnring 


roporclon&tlon 


takes  place.  This  disproportionation  Is  vet?  oosmon  in 
cyclohexane  systems  (tl).  The  hase  peak  m/e  27*»  of  the 
mass  spectiuB  corresponds  to  oompound[s)  formed  by  such 
hydrogen  disproportionations. 

btonolysis  of  the  dlnerlc  mixture  III 

The  dimerle  mixture  vas  ozonized  in  solution. 

The  volatile  fraction  «as  neutralized  with  solid 
sodium  carbonate  then  distilled  with  a spinning  band 
column.  The  first  fraction  had  a peak,  in  v.p.o.,  corre- 
sponding to  acetone,  it  gave  a precipitate  vith  2,4-dinitro- 
phenylhydraz ine  and  positive  iodoform  test.  The  solid 
residue  vas  acidified  with  dilute  sulfuric  acid.  The 
acidic  solution  had  an  odor  oharacteristio  to  formio  acid, 
reduced  ammoniaoal  silver  nitrate  solution,  and  gave  nega- 
tive phenylhydrazone  end  iodoform  tests. 

The  non  volatile  fraction  was  a mixture  of  keto  acids. 
It  was  soluble  in  alkaline  solution  and  reprecipitated  by 
acidification  vith  dilute  hydrochloric  add.  It  gave  a 
positive  iodoform  teat.  With  2,4-dlnltrophenylhydrazlne 
it  gave  red  phenylhydrazones . Treatment  with  diazomethene 


odium  borohydride 


hydroxy 


STBUCTUBE 


DIKEBS  XVnie  AND  XVIIIb 


The  DAln  Donoaerlc  by-product  (other  than  unreaoted 
a-plnene)  Is  oaophene.  Canphene  Is  always  the  major,  or 
one  of  the  major,  products  when  a-plnene  Is  treated  with 


oondltlons. 


<lth  solutions 
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>*5 


is  d/s  133.  This  Indicates  that  the  molecule  breaks  Tery 
easily  In  the  middle,  and  that  the  tvo  monoterpenlo  units, 
oomposlns  the  dimer,  are  connected  with  a very  weak  bond. 
This  bond  must  be  through  at  least  one  tertiary  carbon 
atom.  BO  similar  fragmentation  was  obserred  in  the  ease 
of  3,3'-diplnanes  (see  next  chapter],  Mhere  the  two  mono- 

After  this  first  fragmentation,  the  one  fragment  loses 
protons  easily  to  form  the  stable  fragment  m/e  133.  e.g.. 


(m’  -2)  la  very  common  (if3). 

The  ratio  of  peaks  ^ is  smaller  in  XVIIIa 

than  In  XVIIlb  (Table  7).  Indloating  that  the  breaking 
of  the  bond  oonneoting  the  two  units  Is  easier  In  ICVIlIb. 
For  similar  carbon  skeletons  this  bond  would  be  broken 

situation  for  dimer  XVlIIb. 


TABLE  7 


;enBltl»s  of  Ma1or  PrsAments 

rD.ctr.  01*  xVI?ir«nAlVIire 


100  (ion)  XVIlIa  XVIIIb 

C27  

272  <*.51  '*•59 

202  9.33 

160  5-55  5.90 

133  31.9  25-60 

69  2-95  3-6? 

/i3  10.72  10.72 

in  7.62  7.90 


The  ratio  is  larger  for  XVIIIh  than  for 

XVZIIa.  In  Table  8 are  given  the  values  of  this  ratio 
for  the  two  dlnera  and  also  for  a number  of  nonoterpen- 
It  Is  clear  from  this  table  that  the  dimers  follow  the 
same  trend  as  the  monomers,  although  the  mechanism  of 
formation  of  these  two  fragments  la  not  clear. 

The  fact  that  we  gat  very  small  m/e  M-93  pealts  in 
both  compounds  Indicates  that  the  bond  connecting  the 
nonoterpenle  units  Is  much  waalter  than  the  bend  conns 
the  Isopropyl  group  to  the  six  member  ring.  This  Indio 
that  the  Isopropyl  group  Is  not  in  allyllc  position. 


TABLE  8 


1»7 


for  s Number  of  Ter 


und  XVIlIa  XVIIIb 


mi 


<*.99  7.57  1-32  3.33 


eomputed  from  data  In 


Monoterpenes  having  double  bonds  at  4,  7 or  7.  6 positions 

similar  carbon  skeleton  but  with  Che  double  bonds  In  other 
positions.  In  Table  9 Is  given  the  relative  height  of  the 
H*-43  peak  In  a series  of  monoterpenes.  The  table  was 
computed  from  data  reported  In  reference  44. 

The  generation  of  the  fragments  202  and  l60  can  be 
explained  br  the  following  fragmentation  reactions: 


ycy  y(y  vo^  ycy 
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49 


TABLE  9 (continued) 


$ 

$ 


28 


100 


100 


$ 

$ 


11 


100 


100 


$ 


46 


(t«ae  peak  «*-77) 
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to  the  cyslop«nt7l 

I a 1)1070110  unit 

; XIX.  could  b«  XX 


XIX  XX  XXI 

butane  ring  remained  unaffected  after  the  treatment  of 
n-plnene  «lth  acids  at  temperatures  aboTe  -70°  C.(l). 

XXI  in  anj  dimer  formed  by  add  dimerization  of  a-plnene. 
Cm  the  other  hand  If  the  bioyollo  unit  of  the  dlner(s) 
was  XX  the  two  monomeric  units  would  be  connected  through 
secondary  carbon  atoms.  In  this  case,  the  fragmentation 
of  this  bond  would  be  highly  improbable  as  the  primary 

n/e  133. 

A probable  mecbanlam  for  formation  of  fragment  m/e 
69  from  XIX  Is  (Ifif). 


•m/e  70 


51 

A Bliturs  of  XVIIIa  and  XVIIlb  waa  dehTdrogenated 
with  5 per  cent  palladluio  on  charcoal.  The  aaln  character- 
istics of  the  ossa  spectrum  of  the  dehydrogenation  product 
are  discussed  In  this  section  (Figure  $]. 

The  peak  at  m/e  133  disappeared  and  new  peaks  appeared 
at  m/e  llJS.  158  and  «*-15-  The  disappearance  of  m/e  133 
Is  esplalned  hy  the  fact  that  the  Send  connecting  the  two 
units  Is  less  easily  broken  because  It  Is  attached  to  an 
aromatic  ring.  On  the  other  hand  the  bonds  which  are  In 
"benzyllo  position"  are  more  vulnerable,  and  the  following 


The  m/e  6$  peak  remains  strong  after  the 


dahydrogenatlc 
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strong  pss^  at  a/e  ^^k  (base  peak]  Khleh  can  be  explained 
as  tho  parent  peak  of  produot(s)  fomsd  kg'  hydrogen 
disproportionation.  The  very  strong  peak  at  a/e  2?if  lndl> 
cates  that  this  oonpound  nust  possess  exceptional  stability. 
The  only  other  peak  generated  from  this  Doleoular  Ion  la 
m/e  259  (K'^-13).  Such  a compound  must  not  hate  free  iso- 
propyl groups  and  the  two  ring  system  must  be  connected 

ment  (probable  under  the  reaction  oondltlone)  would  lead 


XVIIIk 


Kolecular  models  of  this  structxure  show  that  It  Is  strain 
free.  This  would  be  one  more  reason  for  the  great  etabll- 

UltraTlolet  spectral  data 

Ve  have  calculated  the  expected  positions  of  the 
absorption  maxima  In  the  ultraviolet  spectra  of  XVIlIa 


aptlons  (^5)- 


and  XVlIIb.  by  using  WoodTOrd'a  assun 
Table  10  we  have  tabulated  the  calculated  and  the  axperl- 
aental  values  for  the  two  dlKars  and  also  for  the  oorre- 
spondlng  values  for  2.4(8)-p-monthadlene  (XXII)  and 
3.8(9)-p-menthadlene  (XXIII).  found  in  the  literature  (t6>. 
The  calculated  and  the  experimental  values  are  In  fair 


TABLE  10 

intrnvVoTet  Ibsorotlo 
aDQUrgs~XVIIIa.  xVIlIb. 


Calculated  (In  im.) 


ir~XXIII 
Pound  (In  mu) 
Z5Z  ( 6 10.000) 
239  ( 6 20.000) 
2bt  ( s 15.843) 
235  ( 6 6.995) 


Infrared  spectral  data 

The  Infrared  spectra  of  XVIIIa  and  XVIIIb  are  similar 
with  the  main  difference  being  that  XVIIIa  has  no  absorp- 
tions corresponding  to  C=CU,.  The  most  characteristic 
Infrared  absorptions  of  the  two  compounds  are  given  belowi 
Compound  XVIIIa: 


805  and  825  cm:^(s)i 
3025  cml^(m)  : 


Indicating 


a‘ 


cm-:l(s)  i gem.  dimethyl 


1370.  1385 
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Cospound  XVlII'Bs 

790  and  820  oinT^(iii) 
30?0  onT^<ci) 

875  obT^(s) 

1370.  1385  cb:^(s) 

Ho  absorption  vas  found  ( 
double  bonds . 

On  the  lesls  of  the 


Pair  of  bands  Indiosting 

C^CHg 

C=CHj  ( icH  out  of  plane) 
gem.  dlaeth;! 

rreepondlng  to  a,  8-dlsubstltutod 


this  chapter,  the  folloMlng  nonooyolle  units  must  be  ruled 
out  as  parts  of  the  dimers  XVIIIa  and  XVIIIb.  for  the 


It  would  give  a strong  peak  at  m/e  M*-'*3 
because  the  Isopropyl  group  la  In  the 


ellyllo  position. 

there  Is  no  Infrared  absorption  corre- 
sponding to  a,  8-dlsubstltuted  double  bond. 


All  structures  with  They  would  not  give  absorption 

non  conjugated  mailma  abOTe  220  B|>. 

double  bonds. 


All  structures  with  They  would  absorb  at  longer  wave 

two  conjugated  bonds  lengths  (240-270  m^  ). 


xvma  and  XVIII^) 


The  NMH  spectra  of  both 
plloated  as  It  would  hare  bsen  expected  from  compounds 
Kith  thirty  two  protons  with  very  close  ohemioal  shifts. 
However,  the  study  of  the  N'>Si  data  revealed  valuable  in- 
fozmation  supportins  the  proposed  struetxires  for  these 

Compound  XVIIl  (Figure  10)  had  one  proton  at  ‘^.^5  ppm 
indicating  non-terminal  (trisubstltuted)  double  bond  (b?). 
The  peaks  from  8. 90  to  9-30  ppm  (12  protons)  are  assigned 
to  the  four  methyl  groups  (8,  9.  10.  7 ).  The  peaks  from 
7.60  to  8.1*5  correspond  to  the  methyl  and  methylene  protons 
alpha  to  double  bonds  (9'.  lo’.  3’),  and  to  part  of  the 
proton  of  the  norbomyl  ring.  The  peak  at  6.75  Is  probably 


Compound  XVIIIb  (Figure  11)  had  two  types  of  olefinlo 
protons.  One  proton  at  4.16  ppm  (non  terminal  double 
bond),  and  two  protons  at  5.38  (terminal  methylene).  The 
peaks  at  8. 90  to  9.25  ppm  corresponded  to  the  twelve  methyl 
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The  KhR  spectrum  of  the  hydrogenated  dimers  had  no 
vinyl  peaks.  There  were  two  groups  of  peaks.  One  at  8.9 
to  g.3  ppm  corresponding  to  the  methyl  proton  and  another 
at  6.0  to  3.8  ppm  corresponding  to  the  methylene  and  meth- 
yne  protons.  A small  peak  at  7.5  ppm  could  be  probably 
assigned  to  the  bridgehead  hydrogens. 


of  dimers  XVIIIa  and  XVIIIb  Is  the  foUowlngi 


1,3  shifts  , XVIIIa  + XVIIIb. 


It  is  probable  that  sterlc  reasons  account  for  the 
fact  that  XXIV  Isomerlzes  to  give  a cyclohexene  ring 


bloyollo  sys 


explained  the 


substituted,  and  thus  the  solecule  Is  enersetloall? 
faTored  over  XVIIIb. 

The  mass  spectral  data  of  XVIIIa  and  XVlllb.  dls. 


a monoeyeXle  and  a blcycllc  imlt  connected  through  at 
least  one  tertiary  carton  aton.  An  alternative  to  the 
formation  of  suoh  dimers  Is  given  In  the  following  re- 
action series: 


SraiHESIS  OF  3,3'-DIPEJANES 


It  has  been  reported  That  the  carbon-boron  bond  breaks 
honolytloally  when  treated  with  alkaline  silver  oxide  (48). 
Bi-ovn  and  his  collaborators  (43  a,b)  were  Che  first  to  de- 
velop this  reaction  as  a synthetic  Bathed  for  the  coupling 
of  all?l  groups.  Thus,  olefins  were  hydroborsted  by  the 
usual  methods  (49)  and  the  alkylboranes  formed  In  situ 
were  oxidized  with  alkaline  silver  oxide. 

dECHaCHg  + SgEj  h 2(RCHjCH2)jB 


'Ae  thought  that  this  reaction  oould  be  very  useful 
for  synthesizing  dimeric  terpenes  of  known  struoture. 
For  this  reason  we  decided  to  explore  and  develop  It 
further. 


literature  for  the 


free  radical  character  of  this  reaction  and  of  other 


similar  reactions  (50).  It  has  been  found  (48b)  that  In 


>f  OCl. 


shlorlne 


presence  of  BtCCI^.  Broainsted  compounds  were  formed,  and 
the  formation  of  ooupling  products  was  suppressed.  Vhan 
wo  oarrled  out  the  reaction  in  the  presence  of  diphenyl- 
plcrylh7draz7l  there  was  a rapid  change  In  color  from 
Tlolet  to  yellow. 

From  the  aboTe  data  It  Is  reasonable  to  adopt  the 
following  sohenei 


EjB  > B’ 

2H*  » HB  (ooupllns) 


BH  [hydrogen  abstraction) 
BBr  (halogen  abstraotlon) 


treated  with  allrer  oxide  In  the  absence  of  allcall  hydrox- 
ide. The  role  of  OH*  in  accelerating  the  oxidation  Is  not 
yet  olear.  An  explanation  would  be  that  the  alkylborane 
coordinates  with  and  so.  the  B-C  bonds  become  wesker 
and  break  easier.  To  test  this  assumption  we  treated 
alkylboranes  with  silver  oxide  In  the  presence  of  other 
strong  electron  donors,  such  as  pyridine  and  sodium 
ethoxlde.  but  no  reaction  was  noticed. 


form  of  sodium 


driving 


>t],on 


of  t'ne  solvated  torate  Ion.  However,  the  detella  of  the 

lurlns  the  course  of  this  work  we  have  investigated 
the  posslblllt;  of  using  oxidizing  agents  other  than  sil- 
ver oxide.  Lead  dioxide  In  alkaline  solution  gives  slallar 
yields.  It  Is  less  expensive  and  It  is  easier  to  handle. 

oxidation  with  alkaline  lead  dioxide  and  we  found  that  In 
this  oase,  as  In  the  case  of  silver  oxide,  Intemedlate 
radicals  are  Involved,  l.-.e  fast  that  the  oxidation  of 
Is oplnoeanpheyl  horane  with  both  reagents  gives  the  same 
isomeric  products  in  exactly  the  same  ratio  indicates  that 
both  reactions  Involve  the  same  reactive  intermediate. 

Ue  have  further,  considered  the  possibility  of  re- 

the  reaotlon  conditions  any  skeletal  rearrangement  was 
found  to  be  highly  Improbable,  Ue  have  carried  out  the 
ooup.lng  of  hydroborated  ^-plnene  and  have  found  that 
only  the  one  expected  dimer  Is  formed.  Also,  trl-n-pentyl- 


l,3*btttadl« 


65 


dloilde  In  sUcallns  solution  thsrs  Here  for«ed  1.3-dlenes 
in  fair  yields.  The  vinyl  boranes  Mere  formed  in  situ  by 
hydroboratlns  dlsubstltuted  ellcynes 


Trans  olefins  were  formed  as  by-products. 

The  oxidation  of  vinyl  borenes  with  lead  dioxide 
involves  free  vinyl  radical  intermediates.  When  the  re- 
action was  carried  out  in  BrCClj  or  CCl^  bromlnated  and 
ehlorlnated  products  were  formed  and  the  formation  of 

This  lead  us  to  the  study  of  the  geometric  stability 
of  the  vinyl  radical  (51).  It  was  concluded  that  under 
the  reaction  conditions  the  vinyl  radical  hss  no  geometric 
stability.  The  els  and  trans  forms  are  in  rapid  oquillb- 

loally  favored  trans  form. 
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synthesis  of  the  Isomeric  3,3  -dipinanes.  Thus  o-pinene 
was  hydroborated,  and  the  hydroboration  mixture  was 
treated  with  AgHO^  and  methanolie  E03,  or  vith  PbOj  and 
cethanolio  K03.  The  reaction  mixtures  vere  analysed  by 
v.p.o.  and  the  dimeric  isomers  were  separated  by  prepara- 
tive gas  ohromatography. 

When  starting  with  optically  pure  (+)-a-pinene  there 
were  observed  three  dimers  XXVIa.  XXVIIa.  XXVIIIa,  in  the 
ratio  of  lil;0.07.  When  starting  with  pure  (— )-a-plnene 
there  were  observed  again  three  dimers  XXVIb.  XXVIIb. 
xxvnib,  with  the  same  retention  times  and  in  the  same 


by  v.p.o.  The  IR  and  NKS  of  XXVIa  and  XXVIb  and  XXVIIa 
and  XXVIIb  vere  superimposable  but  the  oompounds  had 

TABLE  11 

Optioal  Rotation  of  Dlplnanes 

Starting  Katerlal  Dimer  [o]  In  CCl,j 

(+)-a-plneno  XXVIa  -92® 

XXVIIb  -27° 

XXVIb 


[-)-tt-plr 


XXVIIb 


+89' 

+25' 
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IC  is  therefore  oonoluded  that  XXVIa,  b and  XXVIIa,  b 
are  enantloners.  Although  we  t<ere  not  able  to  isolate  and 
study  XXVIIIa,  b.  since  they  are  fomed  In  very  small 


Ins  material,  three  more  dimers  were  obseryed,  XXIX.  XXX. 
and  XXXI.  besides  the  XXVI.  X.XVII.  and  XXVIII.  The  reten- 
tion times  of  the  six  isomers.  In  three  different  columns, 
were  In  the  followlns  order: 

XXVI  <^IX  <^VII  <^in  <mi  (Plsure  12). 

The  nolooular  welsht  of  the  dimers  was  found,  by  mass 

to  (Calculated:  0,  8?.56i  H.  12. U.  Found:  C. 

87.32:  H.  12.53).  They  were  viscous  liquids  which  crys- 
toilyzed.  when  optically  pure,  to  low  meltlns  solids  (XXVI 
B.p.  55-7°  (prisms).  XXVII  m.p.  53-b®  (needles)).  The 
structural  asslsnments  for  XXVI  and  XXVII  were  based  on 
their  SKS  spectra.  The  spectrum  of  XXVI  was  simpler  than 
that  of  XXVII  Indicating  that  this  Isomer  had  higher 
sjrasatry.  The  spectrum  of  XXVI  showed  fewer  axial  hydro- 
gens. Therefore.  XXVI  Is  the  Isomer  with  the  larger  num- 
ber of  equatorial  methyls.  The  assignments  of  the  methyl 
groups  were  msde  as  follows  ( values  In  ppm): 


8.88,  Cj 


XXVIi  Cg  8.72.  Oj  8.88,  8.94  (doublet).  Cg  . 

Oj  . Cj^o  . BS  Cg.  Cj.  Ojg. 

XXVII:  Cg.  Cg'.  8.72.  Cj.  8.84.  C^q.  8.95  (doublet). 

C^o’.  9.00  (doublet),  c/.  9.04. 


of  monoterpenes  (52)  with  similar  struotnres. 

The  mess  speotral  data,  the  relative  bolllne  points, 
and  refractive  Indloss  support  the  struetural  assignments. 
It  has  been  observed  that  for  a given  pair  of  dlastsrso- 
Isomers.  the  theraodynamioallT  more  stable  one  will  exhibit 
the  more  intense  moleeular  Ion  pealc  (53).  Thus.  XXVI  is 
expected  to  be  themodynamlcall?  more  stable  than  XXVII 
because  both  and  methyl  groups  are  equatorial 

whereas  In  XXVII.  one  is  axial  and  one  equatorial. 

AS  expected,  the  molecular  Ion  pealc  of  XXVI  is  more 
Intense  Chan  that  of  XXVII  (100  is  4.9  for  XXVI  and 
2.6  for  XXVII). 

Cn  the  other  hand,  the  von  Auwers^Skita  rule  predicts 
that  among  alleyelle  epiaers.  not  differing  much  in  dipole 
loment,  the  isomer  of  highest  enthalpy  has  highest  boiling 
point  and  refractive  index  (54). 

the  above  rule  (Table  12).  Instead  of  the  boiling  points, 
are  reported  the  relative  retention  volumes  of  the  dimers, 
which  were  similar  in  three  different  chromatographic 
columns. 


TABLE  12 


BelatlTa  B«tentlon  Volungs  of  Dlpinanea 

Diner  Relative  Eetentlon  Hethyls  In  !■ 

Velune  tin  PPAP)  “ and  10'  Posltl 

KCVI  1 1.4873  e.« 

XXK  1.07  1.4830  e.e 

XXX  1.25  1.4903  e.a 

XXVII  1.35  1.4932  e.a 

mill  1.59  

XXXI  l.?2  a. a 


The  followlne  generalizations  can  be  made! 

1.  The  more  axial  oethyl  groups  (high  enthalpy) 
the  higher  the  boiling  point. 

ll.  The  higher  the  symezry  (lower  entropy)  of  the 
diner  the  higher  the  boiling  point. 

Another  experiment  directed  toward  confirmation  of 
the  above  structural  assl^imenta  involved  treatment  of 
the  dlffermt  Isoaers  with  Pt/C.  It  has  been  reported 
that  by  heating  all^l  cyelohexanes  with  hydrogenation 
catalysts  equilibration  is  achieved  between  axial  and 
equatorial  forms,  and  the  final  product  is  rlehor  In  th 
more  stable  isomer,  the  ratio 
enthalpies  of  the  two  Isomers 


depending  upon  t 
(55).  Ihus.  by 
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5^  palladluB  os  oharooal  it  was  obserTed  that  eoapounds 
XXVI  and  XXIX  did  not  show  any  ehans«-  On  *ha  other  hand, 
the  r.p.o.  pea^  corraspcmdlng  to  XXVII  and  XXX  diminished 
and  sew  paaJts  were  observed  in  the  region  of  the  dlequato- 
rial  compounds,  The  small  humps  corresponding  to  XXVIII 
and  XXXI  disappeared  after  this  treatment. 

The  volatile  part  of  the  reaction  nllture  fton  the 
oxidation  of  isoplnocampheylborane  with  AS20,  vaa  composed 
of  unreacted  a-plnene  and  pir,ane.  The  formation  of  plnane 

free  radical  from  solvent  molecules. 


In  Table  13 


structural  formalss  of  the 


isomeric  dipinanes.  The  specification  of  stereochemical 
configurations  are  according  to  the  "sequence  rule"  (36]. 


Isopinocampheol 
Neoisopin ooaapheol 


compounds  would  be  based 
eric  plnocampheols  (5?)i 

Pinocaapheol 


Thus,  XXVIa  Kould  be  sailed  diisopinocaiEphe;l-2S:2 'S: 
XXVIIa,  laopinooaopheyl-2S-neolsopinooampheyl-2'a: 
XXXI,  dllsonefiplnooanpheyl>2Si2'B,  eto. 

■lABLE  13 

Isonerlo  3, 3 '-Dlplnanes 


XXTla  XXVIIa 


lB:a^!3S!5H!l'B!2'S.3'S!5'B  1B!2S!3B!5H:1'S.2'Hi3'S.-5'S 

XXVIIIa  XXEC 


lH:2Si3E:5H!l'S:2’B!3’Hi5’S 


lB:2S:3S!5R!l'3i2'Bi3'R:5'S 
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the  six  dlastereolsoners  can  be 
s.  If  we  start  with  (-f)-a-pinene, 
this  adds  BgHg  In  an  antl-harltownllsoff  manner  and  from 
the  leas  hindered  side  to  give  xxxn  (52). 

XXXII  XXXIII 

Shis  Is  oxidized  by  the  metal  oxide  to  the  free  radi- 
cal XXXIII.  The  fr.a  radicals  formed  can  be  coupled  from 
either  side.  Coupline  of  two  radicals  from  side  1 gives 
isomer  XXVIa.  Coupling  of  one  radleal  from  side  A and 
one  from  side  B gives  XXVIla'  which  rearranges  to  the 
more  stable  conformer  XXVIla. 


XXVIla' 


Similarly,  when  two  radicals  oouple  from  aide  B, 


XXVIIIe 


rtlng 


enantiomers  XXVIb,  XXVIIb,  XXVIIIb. 

If  ttiere  vas  not  seometrlo  preferenoe  In  the  manner 
of  coupling  of  the  free  radicals  the  ratio  of  the  three 
Isomers  would  be  XXVl!XXVIIiXXVIII=l!2:l.  By  Inspeetlon 
of  the  Boleoolar  models  It  can  be  seen  that  the  relative  - 
energies  of  the  transition  states  corresponding  to  the 
formation  of  the  three  dimers  are: 

^OVI  ■<v®XXVII  *C1®XXVIII 

ratio  of  products  (1:1:0.07). 

When  starting  with  mixtures  of  (+)  and  (— )-o-plneae 

coupling  of  the  two  different  radicals.  Those  are  XXIX, 

XXX  (and  its  enantiomer),  and  XXXI.  Compounds  XXIX  and 

XXXI  possess  planes  of  symmetry. 

Experimental  Part 

Rydrohoratlon  and  coupling  of  g-plnene 

To  0.2  mole  a-plnene  and  85  ml.  IH  NaBH^  in  dlglyme 
at  0°  C.,  was  added  slowly  0.1  mole  BF^'Et20.  The  mixture 
was  stirred  for  one  more  hour  at  room  temperature.  Ten 
ml.  of  water  was  added  to  destroy  the  excess  of  hydride, 


Imental  part  pp.  31-3Z- 
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and.  after  coollne  In  an  Ice  Isth,  were  added  2t0  ml.  2H 
KOH  in  methanol,  and  slowly  kS  ml.  5M  A«»0j.  The  whole 
reaction  was  carried  out  under  Ng,  to  aToid  the  formation 
of  oxygenated-  products.  After  stirring  for  3 hours  at 
room  temperature  the  mixture  was  filtered  with  suotion. 
The  precipitate  was  washed  with  25  ml.  acetone  in  snail 
portions  and  50  ml.  pentane.  To  the  oomhined  filtrate 
and  washings  were  added  300  ml.  water  and  the  two  phases 
separated.  The  aqueous  layer  was  extracted  three  times 
with  30  ml.  pentane,  and  the  comhlned  poitane  extracts 

etaporatad  to  give  a syrup  containing  30-l>0^  dimers, 
o-pinene  and  plnene. 

added  50  grams  FhOg  and  120  ml.  EOS  and  the  whole  was 
stirred  overnight  at  room  temperature.  The  reaction 
mixture  was  proosssed  as  above.  The  same  procedure 
was  used  for  the  coupling  of  hydroborated  p-pinene. 

Treatment  of^h^droborated  g-pinene  with  As^  in  the 

To  the  hydroboratlon  mixture  were  added  20  ml.  CCl^^, 
60  ml . 2H  KOH  and  11  ml . SH  Acd<0j  and  the  mixture  was 
stirred  for  10  hours  at  room  temperature.  The  reaction 
mixture  was  introduced  into  the  mass  spectrometer  through 
a short  oolumn  (2  ft.,  Carbowaz  20H).  The  mixture  was 


solTsd  pes 


of  the  second  peak  had  a aolecular  Ion  peak  e 
another  at  la/e  1?4  {K^E)  Indloatlag  the  pres 
Cl0H„Cl.  The  mass  speotru»  of  the  third  pes 
aolecular  icn  at  o/e  15**  This  Is 

Isolated  by  preparative  gas  ehromatographr. 
speotrun  Indicated  secondary  alcohol. 


b/o  172  and 

ice  of 


Treatoent  of  hydroborated  »-plnene  with  Ag^  In  the 
pfelenee-of  BrCClj 

The  reaotlon  was  carried  out  as  above  with  the  excep- 
tion that  BrCClj  was  used  instead  of  CClj^  and  the  Bliture 
was  stirred  for  only  one  hour.  The  mixture  was  analyzed 
by  v.p.c.  (Carbo?rax  20H  oolumn].  The  main  oomponent  was 
Isolated  by  preparative  gas  chromatography.  It  precipi- 
tated silver  bromide  when  treated  with  aqueous  silver 

silver  nitrate,  the  bromide  disappeared  and  a new  pealc 


Hydroboratlop  and  coupling  of  alkynes 

To  0.12  moles  of  alkyne  and  33  ml.  NaESj.  In  dlglyme, 
cooled  bo  0®  C.  were  added  5 ml.  BP^'EtgO.  After  stirring 
for  0.5  hour  at  0®  C.  and  0.5  hour  at  room  temperature  the 
mixture  was  cooled  in  an  loe-salt  bath  and  there  were 
added  15  g.  PbO^  and  50  ml.  2H  KOH.  The  mixture  was 
ctlrred  for  2 hours,  filtered,  and  the  precipitate  was 


f™.«t  .t  137  H'-cs,®,).  Th.  .r  n 

fragments  m/e  193  and  1?9  (S^-OBgOHjdjJ, 

K \ 

/=-\  /“7“3 
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A first  orier  anelysls  of  the  NMR  speatra  of  XXXII 
and  XXXIII  gate  the  follOMlng  results  (T'values  In  ppo)i 
XXXII:  a If. 84,  h and  b'  7.83  and  7. SO,  0 and  O' 

9.00  and  9.09:  6.7  ops.  1.2  ops. 

6.8  cpS!  areas  <0  + e ■) :a=12: 8.15:2.2 . 
XXXIII:  a If  . 98.  b and  b'  7.93.  dandd',  8.69. 

c and  o'  9.06;  7.0  ops!  areas  Co  + o'): 

(d  ♦ d’):(b  ♦ b'):a=12.6:8.6:7.7.Z. 

The  NMH  date  of  XXIV  are  the  following  (<in  ppm): 


d ^b  ^ a' 

XXXIV 


a, a'  4.70,  b,b’  7.99,  o S.67,  d 9.05.  The  vinyl 
protons  have  a large  coupling  (1=9.7  ops)  and  a small 
coupling  (J=l.l  ops).  Areas  (a  .fa'):(b  * b' ) :c:d=2:4:4: 6. 

Compound  XXXIV  was  formed  as  a by-product  of  the 
hydroboratlon  and  coupling  of  3-ootyne.  Its  infrared 
spectrum  superimposed  on  the  spectrum  of  tians-3-ootene, 
found  in  the  literature  (56). 


Oxidation  of  hydroboratei  3-heryne  in  the  presence 

The  reaction  was  carried  out  as  before  In  the 
presence  of  15  al.  BrCClj.  Ho  diene  was  formed  and 
the  main  reaction  product  preeipltated  silver  bromide 
when  heated  with  alcoholic  silver  nitrate.  When  the 
reaction  mixture  was  refluxed  with  alcoholic  silver 
nitrate  the  peak  oorrespondlns  to  bromide  decrease 
and  the  peak  corresponding  to  the  3-hex^e  Inoreased. 


SUKKAHI 


The  oxidation  with  lead  dioxide  or  silver  oxide  was 
extended  to  vlnylboranes.  This  is  a new  synthetic  route 
to  tetraaubatltuted  trans,  trans-butadienes . The  oxida- 
tion of  vlnylboranes  was  used  for  the  generation  and  study 
of  geoaetrlc  stability  of  the  intermediate  vinyl  radicals. 
It  was  found  that  the  cls-trans  e<}Ulllbiatlon  of  the 
Internodlate  vinyl  radicals  Is  acre  rapid  than  their 
coupling  or  hydrogen  abstraction  reactions.  Thus,  the 
vinyl  radical  has  no  geometric  stability  under  the 
reaction  conditions. 
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